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modified from Syracuse and Abers, 2006!

Slab seismicity!

• teleseismic relocation ! !• local relocation !!



Martinod et al., 2010!

Slab seismicity!



Slab seismicity - subarc region!

modified from Wada & Wang, 2009!

depth to slab, H!

Syracuse & Abers, 2006!

~105 km!



Slab seismicity - subarc region!

data from Syracuse & Abers, 2006!



Slab seismicity - subarc region!

Syracuse & Abers, 2006!
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Slab seismicity - post arc!



seismicity from Engdahl et al., 1998!

Slab seismicity - post arc!

hotter                                               cooler!
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Velocity tomography - global!

Kárason and !
van der Hilst, 2000!

Vp!



Velocity tomography - global!

Vp!
!
!
· high-velocity 
cold slab!
!
· low-velocity hot 
mantle wedge!
!
· variety of ways!
in which slabs 
interact with the 
transition zone!

Kárason and !
van der Hilst, 2000!

Aegean ! ! !        Kurile ! ! ! !         Izu!
!
!
!
!
!
!
!
!

! ! ! ! ! ! ! ! !     Central!
  Java ! ! !        Tonga! ! ! !     America!



Velocity tomography!

Velocity affected by:!
!· temperature: T #, Vp $, Vs $, Vp/Vs #!
!· composition: mafic #, Vp #, Vs # 
!· melt: melt #, Vp $, Vs $, Vp/Vs #!
!· water: water #, Vp $, Vs $!
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Velocity tomography - local!

Zhao et al., 2007!

Honshu!



Velocity tomography - local!

Tamura et al., 2002!

Honshu!

ΔVp!

· low-velocity ʻhot 
fingersʼ beneath 
volcanic clusters !
!
· indicate ~50-km-
scale T oscillations 
and highly 3D 
structure!



Velocity tomography - local!
Vp!

Syracuse et al., 2008!

!
· up to 20% serpentinization or !
  3 wt% H2O in Nicaraguan slab!

Nicaragua                                                                    Costa Rica!



Velocity tomography - local!
Vp!

Slab-derived !
trace elements!
Patino et al., 2000!

Syracuse et al., 2008!

Nicaragua                                                                    Costa Rica!



Velocity tomography - local!
Vp!

Nicaraguan 
outer-rise 
faulting!
Ranero et al., 
2003!

Syracuse et al., 2008!
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Velocity tomography!
Vp/Vs!

Syracuse et al., 2008!

· high Vp/Vs sheet below Nicaraguan arc!
· decreases into NW Costa Rica!

Nicaragua                                                                    Costa Rica!



Velocity tomography!
Vp!

Vp/Vs!

· high Vp/Vs sheet follows trend caused by a 
decrease of shear modulus, such as melt!
· Rest of mantle follows trend predicted for a 
decrease in shear and bulk moduli, such as 
increased temperature!

based on Karato, 1993 and !
Hammond and Humphreys, 2000!

Syracuse et al., 2008!
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Attenuation tomography!

Alaska – nonvolcanic eastern section!

~1200°C!

Stachnik et al., 2004!



Attenuation tomography!

Central Andes!

Schurr et al., 2003!



Attenuation tomography!

Central Andes!

~1200°C!

Schurr et al., 2003!



Attenuation tomography!

Rychert et al., 2008!
Syracuse et al., 2008!

Central America!

effective T !
~1370-1400°C!

effective T !
~1350-1360°C!

Nicaragua                                                                    Costa Rica!



Attenuation tomography!

Alaska: Stachnik !
            et al., 2004 !   ! !!

!
!

! ! ! !          Andes: Schurr et al., 2003!
!
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 !     Hikurangi:!
         Eberhart-Phillips !     !         Nicaragua:!
                 et al., 2008 !                       Rychert et al., 2008!
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Shear-wave splitting!

http://garnero.asu.edu!



Shear-wave splitting!

Abt et al., 2009!

time, s!



Shear-wave splitting!

Abt et al., 2009!

time, s!



Shear-wave splitting!

Long and Backer, 2010!



Shear-wave splitting!

Long and Wirth, 2013!
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Shear-wave splitting!

Kneller et al., 2007! Kneller et al., 2005!



Shear-wave splitting!

Abt et al., 2010!

Central America!



Shear-wave splitting!

Abt et al., 2010!

Central America!



Shear-wave splitting!

Kneller and van Keken, 2007!
splitting from Anderson et al., 2004!

Andes!
!

!seismic observations ! ! ! !      model input ! ! ! !           maximum strain direction!



Shear-wave splitting!

Kneller and van Keken, 2007!
splitting from Pozgay et al., 2007!

Marianas!
!

!seismic observations ! ! ! !      model input ! ! ! !           maximum strain direction!
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2D thermal modeling!

Syracuse et al., 2010!



2D thermal modeling!

Syracuse et al., 2010!

1: serpentine/chlorite/brucite (14.8 wt% H2O)!
2: serpentine/chlorite/dunite (6.2 wt% H2O)!
3: chlorite/harzburgite (1.4 wt% H2O)!
4: phase A (6.8 wt% H2O)!
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2D mineralogical modeling!

van Keken et al., 2011!



Global water-release budgets!

van Keken et al., 2011!



Global water-release budgets!

van Keken et al., 2011!

1/3 of water remains in the slab !
!below 240 km depth!



Summary!

· Seismology provides a variety of geodynamical constraints on subduction!
!· shapes of subducting slabs, from trench to below transition zone!
!· temperature and melt distributions of the mantle wedge!
!· hydration state of slabs and wedges!

!· flow patterns of mantle wedges!
!

· Complex 3D patterns are observed in all types of seismic results, 

!indicating a need for geodynamical models to account for and help 

!explain these features!


